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£ " AS AMENDE^, THE ^7 

Preparation of phthalic anhydride ^C'dP^ ^ ^ 

The present invention relates to , 
5 ! n ri h f ride - which the cata'txc gas^T* *°f Preparin * P^halic 
and /or naphthalene is c^rl^t'^T. 0 "*^ ° f °^ le - 
catalysts of increasing activi^v .J **** three zon es of 

— y of the ZO nes I effl^ grease in 

oxidation of aro ma tic hydroL'bo" ^ I ^ Cata W<= gas-phase 
naphthalene, toluene and durene in fif /J benZSne ' the ^ le -s, 
-ultxtub. reactors. This i s us'd to o^ * reacto "' Preferably 
« acxd, maleic anhydride, phthal£ 1 ??' f ° r exam P^ benzoic 
terephthalic acid or p^omelUt L ^ ^ ' iso P ht *alic acid, 
carried out by passinfa " xtur ^ ToTT ±B * en ~aUy 
oxygen, f or example air, and the start?* 3 COmprisin 9 molecular 

20 tu r 9h 3 PlUral±ty ° f tUbes arrange^^ 9 /" 6 ^ 31 t0 be oxi ^-d 
20 tubes contains a bed of at least on rea ctor. Each of the 

temperature, the tubes are .^r^o^^T ' T ° the 

for example a salt melt. Despite this tn * ^ medi ™' 
"which the temperature is higher h " thermostat ting, hot spots 
25 S C : ^ — ^ese hot S po ts " ^ remaind ~ of the 
25 such as total combustion of the t r l"? Sec °^ry reactions 
formation of undesirable by orl, ! 5 materia l or lead to 
t^e reaction product only l£Tf f lZ^ * *«- 

oh! f^ 1 ™ ° f Pnthalide or ben 201 ^ ^ ^ " ' U ' f ° r -ample 
phtahlxc anhydride (PA , fron 0 I^?!" a f ld ln the Preparation of 
30 of a pronounced hot spot prevents "^h " 6 ^' the Nation 
reactor, since the catalyst can be T runni ^~up of the 

To decrease the intensity of these ho, 

customary in indu to ar ra 1 SP ° tS ' * has become 

activities in zones in the cat a L St H haV±n9 diff -ent 

catalyst generally beina Ll? ^ With the ^ss active 

i.e. xt is at the .I T . c °ntact with it f irst 

catalyst is located" toward the enl £ ^ While the — actxVe 

zzzzl^ Li: 6268 ' - - -i 6 irr^, 

« exposed J ^1^^^ «- cata^ b^aV ' ' 
-nes comprising catalysts o d e ^ future, but the two 
thermostatted to different reac ion T aCtlvlt r <=an also be 

reactxon temperatures for contact with 
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the reaction gas (DE a 2830765). According to ep 163 231 a 
Plurality of the measures mentioned can be employed 
simultaneously for setting the activity structure described it 
is known from WO 98/00778 that i-h» a ^u> ^ «escnr>ed. it 

• s-nr.™ aussiHr=-^ 

15 continuously, in the flow direction of the gas; the activitv 

be achieved in virtually any way These tM Jh structuring can 
aDDl j pri 1 y way ' Tnes e teachings cannot be 

applied to the preparation of pa bv oxidation ^-f ~ 
naphthalene since, as is xnown, ^T^t^lZT^ 

c^L" t™\7% :tz the rea r ion is — " 

(i.e. > 99.9% conversion, based on the star-* inn 

35 inac^e 01"™^ ^h "» S ° ~"«™ *h« » 

drrier 1S loaded with vanadium pentoxirip ^r^4..*„ 

^rst stag differing fro, th" 
rirst-stage catalyst in containing less of a , i 

« eleKnt oxide of potassi™, ^rjJo ^aX" 

r D u e „^„TtSnr2 i r:e d er po5ais £ ° r ^ 

n<™ eeks or more have hitherto been 

the pres'enl E state o \ne « SoTof '"f" 9 ' ™^ *» 

or „„ i e f„ k 9 °-*yl«ne/stan<tard n,3 of air 

-re, i.e. to bring the oxidation to the steady state, without 
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the catalyst being damaged irreversibly. Here, particular care 
has to be taken to ensure that the hot spot does not exceed a 
certain critical value (usually 450-480°C), since otherwise the PA 
selectivity, the PA product quality and the life of the catalyst 
5 are very adversely affected. 

It is an object of the present invention to find a process for 
preparing phthalic anhydride in which it is possible to 
simultaneously achieve all desired parameters such as short 
10 running-up time, high yield and low formation of by-products and 
also good product quality, e.g. a low phthalide content, by a 
combination of particular catalyst zones. 

We have found that this object is achieved by a process for 

15 preparing phthalic anhydride by catalytic gas-phase oxidation of 
xylene and/or naphthalene by a gas comprising molecular oxygen in 
a fixed bed at elevated temperature and using at least three 
coated catalysts arranged in superposed zones, which catalysts 
have a layer of catalytically active metal oxides applied in the 

20 form of a shell to a core of support material, in which process 
the catalyst activity rises from zone to zone from the gas inlet 
end to the gas outlet end and the activity of the catalysts of 
the individual zones is set such that the least active catalyst 
comprises a lower amount of active composition and, if desired, 

25 additionally more alkali metal selected from the group consisting 
of potassium, rubidium and cesium as dopant than the catalyst of 
the next zone and the subsequent even more active catalyst 
comprises the same amount of active composition and even less 
alkali metal as dopant or a greater amount of active composition 

30 and, if desired, less alkali metal as dopant than the catalyst of 
the second zone, with the proviso that 



a) the least active catalyst on nonporous support material 
comprises from 5 to 9% by weight, based on the total 

35 catalyst, of active composition comprising from 3 to 8% 

by weight of V 2 0 5 , from 0 to 3.5% by weight of Sb 2 0 3 , from 
0 to 0.3% by weight of P, from 0.1 to 0.5% by weight of 
alkali metal (calculated as metal) and as balance Ti0 2 in 
anatase form having a BET surface area (J. Amer. Chem. 

4 0 Soc. 60 (1938), 309 et seq. ) of from 18 to 22 mVg, 

b) the next more active catalyst has the same composition as 
catalyst (a) except for an active composition content 
which is from 1 to 5% by weight (absolute) higher and an 

45 alkali metal content which is from 0 to 0.2 5% by weight 

(absolute) lower and 
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tlLTl catalyst has the same composition as (a) 

except for an active composition content which is from 1 
to 5% by weight (absolute) higher than in (a) and an 
alkali metal content which is from 0.15 to 0.4% by weight 
(absolute) lower than in (a). weignt 

Accordingly, the catalyst (a) newest to the gas inlet end always 
in h ". a . lower content of active composition (and possibly also Z 
10 addition of alkali metal, in particular cesium, which decreased 

Ts tZ ^ T nSXt ° atalySt (b) WhiGh " t-» "n h" e 
the same or a lower content of active composition than the 

subsequent catalyst (c). if the catalysts (b) and (c) have the 

is c^iysf:^ h of r A r comp ° siti ° n ' ^ ^ ^jj^Tif 

catalyst (b) has to be greater than that of catalyst (c) . Subject 
to these conditions, the catalyst (a) has, according to a 
preferred embodiment, an active composition content of from 6 to 

3 LTs V ompri : ing from 4 to 8% by weight of v ^ and f*o m 

20 L T !! 7 Weight ° f CS < calculated as cs), in each case 
comnl^- aCtlVe C ° mpOSition ' the catalyst (b, has an active 
composxtxon content of from 8 to 12% by weight comprising from 
0.2 to 0.5% by weight of Cs, based on the active composition and 
the catalyst ( c, has an active composition content of from 8 \o 

25 III »L ^ C ° mprising from 0 ^ 0.3% by weight of Cs, based on 
25 the active composition. According to a particularly preferred 

f^ T^r^T ^ aCt±Ve C -P°-tion content of 

fnd V n i Y COm P risin g from 6 to 8% by weight of v 2 0 5 

and from 0.3 to 0.4% by weight of Cs, in each case based on the 
active composition, the catalyst (b) has an active composition 

30 content of from 9 to 11% by weight comprising from 0, t by 
weight of cs, based on the active composition, and the catalyst 
(c) has an active composition content of from 9 to 11% by weiqht 
comprising from 0.05 to 0.2% by weight of Cs (in each case ' 

^ calculated as Cs), based on the active composition. 

in place of mutually delineated zones of the different catalysts 
it is also possible to achieve a pseudocontinuous transition 
between the zones and a pseudocontinuous increase in the activity 

40 at 7 3 re910n ±n WhiCh ° nS CatalySt is mixed "ith the next 
40 at the transition from one zone to the next zone. 

The catalysts (a), (b) and (c, used for the various zones are 
known per se and their preparation and composition has been 

45 c"ted cft m i ny , tlmeS - ^ briSf ' CatalyStS ™ generally 

usua!lv 111!" f iCh Ca ^^y active composition is 

usually applied in the form of a shell to a nonporous support 
material which is generally inert under the reaction conditions, 
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e.g. quartz (Si0 2 ), porcelain, magnesium oxide, tin dioxide, 
silicon carbide, rutile, alumina (A1 2 0 3 ), aluminum silicate, 
magnesium silicate (steatite), zirconium silicate or cerium 
silicate or mixtures of these support materials. The 
5 catalytically active constituent of the catalytically active 
composition of these coated catalysts is generally titanium 
dioxide in the form of its anatase modification together with 
vanadium pentoxide. in addition, the catalytically active 
composition may further comprise small amounts of many other 

10 oxidic compounds which act as promoters to influence the activity 
and selectivity of the catalyst, for example by lowering or 
increasing its activity. Examples of such promoters are the 
alkali metal oxides, in particular lithium, potassium, rubidium 
and cesium oxide, thallium(l) oxide, aluminum oxide, zirconium 

15 oxa.de, iron oxide, nickel oxide, cobalt oxide, manganese oxide, 
tin oxide, silver oxide, copper oxide, chromium oxide, molybdenum 
oxide, tungsten oxide, iridium oxide, tantalum oxide, niobium 
oxide, arsenic oxide, antimony oxide, cerium oxide and phosphorus 
pentoxide. Promoters which reduce the activity and increase the 

20 selectivity are, for example, the alkali metal oxides, while 

oxidic phosphorus compounds, in particular phosphorus pentoxide, 
increase the activity of the catalyst but reduce its selectivity. 

Such coated catalysts are produced according to the processes of 
25 DE A 1642938 and DE A 1769998 by spraying an aqueous and/or 
organic solvent-containing solution or suspension of the 
constituents of the active composition and/or their precursor 
compounds, hereinafter referred to as the "slurry", onto the 
support material in a heated coating drum at elevated temperature 
30 until the desired proportion by weight of active composition in 
the total catalyst has been achieved. According to DE 2106796, 
coating can also be carried out in f luidized-bed coaters as are 
mentioned, for example, in DE 1280756. However, spraying in the 
coating drum or coating in a fluidized bed results in high losses 
35 since considerable amounts of the slurry are converted into a 
mist or part of the active composition already applied is rubbed 
off again by abrasion and are carried out by the waste gas. since 
the proportion of active composition in the total catalyst should 
generally deviate only slightly from the specified value because 
40 the amount of active composition applied and thus the thickness 
of the shell strongly influence the activity and selectivity of 
the catalyst, in the production methods indicated the catalyst 
has to be cooled frequently, taken from the coating drum or the 
fluidized bed and weighed to determine the amount of active 
45 composition applied. If too much active composition is applied to 
the catalyst support, it is generally not possible for the excess 
active composition to be carefully removed afterwards without 
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To reduce these problems 1 + h ae v. 
5 add organic binders , pre^erabw c ^ CUSt ° marv in industry to 
form of an aqueous dispersion of ^ T"' advant ^eously in the 
vinyl acetate/acrylate stvreL / acetate /vinyl laurate, 

or vinyl ^t./^^^?^' acetate/maleate 
used is 10-20% by weight ha*** s ^ urrv - The amount of binder 
10 slurry (EP 74 42ll, M the i S ° lidS C ° ntent ° f the 

without 'the addlt M of o' nrb- 1 : t£> SU ^° rt 

above 150*0 are ^^^^^'^^ Matures 
added, the usable coatiL above-described binders are 

binder used, from ^LST^^^' ^ ^ 

15 burn off within a short time Jfl 21 ° 6796) ' The bin ders applied 
into the reactor and star Ho *f ^"^^ion of the catalyst 
addition of binder has S reactor. Furthermore, the 

adheres well T,L%X ITtZ ^ ^ ~—"*» 

these catalysts are made easier. tran£ * ort *** charging of 

2 0 

» -Wjttall, active .etal :J des 1 Ta r p :ued 1 t Sin9 ^ 

material by first ,„.„,. applied to a support 

suspension^, "he ESESLV " £r0,n " S ° 1U "° n — /« - 
Precursor compounds" and/or their 
for catalyst production ? P«s.nce of auxiliaries 

30 for, of a shell to^^S^T^?*^ * 
conditioning and, if desired „ f tl ^ de ""d after 

the catalytically .ct^^"^^'"'^'.*- ting 
Which has been coated in this JITtr, t ,ub J««">9 the support 
generating the catalvtil,, Slt trei >t,nent for 

3 5 to ^ve'volatill^ns 1 :^::!" 6 "* ~ * '"«-»' 

literature. In partic"l£ «ff llte "" e kn °"" £ — the 

Derivatives" in » tam \ Bhar 9» na "PhthaUc Acid and 

vol. A. 20, 1992 m J ■ PSd " ° f ^"rial Chemistry 

unlifce ^'^/^^^^^^t * -erence. 

present process enables the "runninn ! reference, the 
45 required to reach the steady slT^lT^ 3 '' ' ^ 

from 5 to 20 days. Otherwise t£ h „ **«*ced to, as a rule, 

S6 ' the boun dary conditions known from 
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this literature reference and also, for example, from WO-A 
98/37967 apply to the steady operating state of the oxidation. 

For this purpose, the catalysts are first introduced into the 
5 reaction tubes of the reactor which are thermostatted from the 
outside to the reaction temperature, for example by means of salt 
melts. The reaction gas is passed over the catalyst bed prepared 
m this way at generally from 300 to 450°C, preferably from 320 to 
420° C and particularly preferably from 340 to 400<>c, at a gauge 
10 pressure of generally from 0.1 to 2.5 bar, preferably from 0.3 
to 1.5 bar and at a space velocity of generally from 750 to 
5000 h-i. 



The reaction gas passed over the catalyst is generally produced 
15 by mixing a gas comprising molecular oxygen, which gas may 
further comprise suitable reaction moderators and/or diluents 
such as steam, carbon dioxide and/or nitrogen, with the aromatic 
hydrocarbon to be oxidized. The gas comprising the molecular 
oxygen generally comprises from 1 to 100 mol%, preferably from 2 
20 to 50 mol% and particularly preferably from 10 to 30 mol%, of 

oxygen, from 0 to 30 mol%, preferably from 0 to 10 mol%, of water 
vapor and from 0 to 50 mol%, preferably from 0 to 1 mol%, of 
carbon dioxide, balance nitrogen. To produce the reaction gas, 
the gas comprising the molecular oxygen is generally mixed with 
25 from 30 to 150 g of the aromatic hydrocarbon to be oxidized per 
standard m 3 of gas . 

Examples 

30 The anatase used in the examples below typically had the 

following composition: apart from Ti0 2 , 0.18% by weight of 5 
0.08% by weight of P, 0.24% by weight of Nb, 0.01% by weight' of 
Na, 0.01% by weight of K , 0.004% by weight of Zr, 0.004% by 
weight of Pb. 



Example 1: Production of catalyst 1(a) 

700 g of steatite (magnesium silicate) in the form of rings 
having an external diameter of 8 mm, a length of 6 mm and a wall 

40 thickness of 1.5 mm were heated to 210°C in a coating drum and 
sprayed with a suspension comprising 400.0 g of anatase having a 
BET surface area of 21 m 2/g, 57.6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.60 g 
of cesium sulfate, 618 g of water and 128 g of formamide until 

45 the weight of the layer applied was 7.1% of the total weight of 
the finished catalyst. The catalytically active composition 
applied in this way, i.e. the catalyst shell, comprised 0.2% by 
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weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 0 5 ), 3.2% by weight of antimony 

and'sa^V 8 Sb2 ? ) ' °- 4% ^ W6ight ° f C6SiUm (calculated as Cs) 
and 88.75% by weight of titanium dioxide. 

5 

Example 2: Production of catalyst II (a) 

700 g of steatite (magnesium silicate) in the form of rings 

in ?H V1 v g ^ SXternal dian **er of 8 mm, a length of 6 mm and a wall 

10 thickness of 1.5 mm were heated to 210°c in a coating drum and 
n™ ayS V ith 3 Suspension comprising 400.0 g of anatase having a 
BET surface area of 21 mVg, 57.6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 
of cesium sulfate, 618 g of water and 128 g of formamide until 

15 the weight of the layer applied was 7.5% of the total weight of 
the finished catalyst. The catalytically active composition 
applied in this way, i.e. the catalyst shell, comprised 0.2% by 
weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 0 5 ), 3.2% by weight of antimony 

20 (calculated as Sb 2 0 3 ), 0.35% by weight of cesium (calculated as 
Cs) and 88.8% by weight of titanium dioxide. 

Example 3: Production of catalyst III 

25 700 g of steatite (magnesium silicate) in the form of rings 

having an external diameter of 8 mm, a length of 6 mm and a wall 
thickness of 1.5 mm were heated to 210°C in a coating drum and 
^r^V^ 11 3 SUS P ension comprising 400.0 g of anatase having a 
BET surface area of 21 m*/g. 57.6 g of vanadyl oxalate, 14.4 g of 

30 antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 
of cesium sulfate, 618 g of water and 128 g of formamide until 
the weight of the layer applied was 6.8% of the total weight of 
the finished catalyst. The catalytically active composition 
applied m this way, i.e. the catalyst shell, comprised 0.2% by 
35 weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 0 5 ), 3.2% by weight of antimony 
(calculated as Sb 2 0 3 ), 0.35% by weight of cesium (calculated as 
Cs) and 88.8% by weight of titanium dioxide. 

40 Example 4: Production of catalyst IV (b) 

700 g of steatite (magnesium silicate) in the form of rings 
having an external diameter of 8 mm, a length of 6 mm and a wall 

45 I' 7 S °l 1,5 ^ ^ hSated t0 210 ° C in a coatin 9 drum and 
IZ / 3 SUSpSnsion comprising 400.0 g of anatase having a 
BET surface area of 21 m 2 /g , 57 .6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 



0050/49069 



9 

of cesium sulfate, 618 g of water and 128 g of formamide until 
the weight of the layer applied was 10.5% of the total weight of 
the finished catalyst. The catalytically active composition 
applied in this way, i.e. the catalyst shell, comprised 0.2% by 
5 weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 0 5 ), 3.2% by weight of antimony 
(calculated as Sb 2 0 3 ), 0.40% by weight of cesium (calculated as 
Cs) and 88.75% by weight of titanium dioxide. 

10 Example 5: Production of catalyst V (b) 

700 g of steatite (magnesium silicate) in the form of rings 
having an external diameter of 8 mm, a length of 6 mm and a wall 
thickness of 1.5 mm were heated to 210°C in a coating drum and 

15 sprayed with a suspension comprising 400.0 g of anatase having a 
BET surface area of 21 m 2/g, 57.6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 
of cesium sulfate, 618 g of water and 128 g of formamide until 
the weight of the layer applied was 10.1% of the total weight of 

20 the finished catalyst. The catalytically active composition 

applied in this way, i.e. the catalyst shell, comprised 0.2% by 
weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 O s ), 3.2% by weight of antimony 
(calculated as Sb 2 0 3 ), 0.35% by weight of cesium (calculated as 

25 Cs) and 88.8% by weight of titanium dioxide. 

Example 6: Production of catalyst VI 

700 g of steatite (magnesium silicate) in the form of rings 
30 having an external diameter of 8 mm, a length of 6 mm and a wall 
thickness of 1.5 mm were heated to 210<>c in a coating drum and 
sprayed with a suspension comprising 400.0 g of anatase having a 
BET surface area of 21 m 2/g, 57.6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 
35 of cesium sulfate, 618 g of water and 128 g of formamide until 
the weight of the layer applied was 10.6% of the total weight of 
the finished catalyst. The catalytically active composition 
applied in this way, i.e. the catalyst shell, comprised 0.2% by 
weight of phosphorus (calculated as P), 7.5% by weight of 
40 vanadium (calculated as V 2 O s ), 3.2% by weight of antimony 

(calculated as Sb 2 0 3 ), 0.30% by weight of cesium (calculated as 
Cs) and 88.85% by weight of titanium dioxide. 



Example 7: Production of catalyst VII (c) 

45 
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700 g of steatite (magnesium silicate) in the form of rings 
having an external diameter of 8 mm, a length of 6 mm and a wall 
thickness of 1.5 mm were heated to 210°C in a coating drum and 
sprayed with a suspension comprising 400.0 g of anatase having a 
5 BET surface area of 21 m^/g, 57.6 g of vanadyl oxalate, 14.4 g of 
antimony trioxide, 3.3 g of ammonium hydrogen phosphate, 2.28 g 
of cesium sulfate, 618 g of water and 128 g of formamide until 
the weight of the layer applied was 10.5% of the total weight of 
the finished catalyst. The catalytically active composition 
10 applied in this way, i.e. the catalyst shell, comprised 0.2% by 
weight of phosphorus (calculated as P), 7.5% by weight of 
vanadium (calculated as V 2 0 5 ), 3.2% by weight of antimony 
(calculated as Sb 2 0 3 ), 0.10% by weight of cesium (calculated as 
Cs) and 89.05% by weight of titanium dioxide. 

15 

Example 8: Preparation of PA at a loading of up to 85 g of 
o-xylene/standard m 3 of air (according to the present invention) 

1.00 m of catalyst 1(a), 0.60 m of catalyst IV (b) and 1.30 m of 
20 catalyst VII (c) were introduced into an iron tube having a 

length of 3.85 m and an internal diameter of 25 mm. To regulate 
the temperature, the iron tube was surrounded by a salt melt and 
a 4 mm thermocouple sheath in which a movable thermocouple was 
installed served to measure the catalyst temperature. 
25 4.0 standard m 3/h of air having loadings of from 0 to 

85 g/standard of 98.5% purity by weight o-xylene were passed 
through the tube from the top downward. At 50-85 g of 
o-xylene/standard n,3 of air, this gave the results summarized in 
,n Ton** 1 ( " yield " means the PA obtained in % by weight based on 
30 100%-pure o-xylene; "running-up time" means the number of days 
required for increasing the loading from 0 to 80 g/standard m 3). 

Example 9: Preparation of PA at loadings up to 85 g of 
o-xylene/standard ir,3 of air (according to the present invention) 

The procedure of Example 8 is repeated except that the catalysts 
used are 11(a), V(b) and VII(c). 

Example 10: Preparation of PA at loadings up to 85 g of 
40 o-xylene/standard m3 of air (comparison) 

1.60 m of catalyst IV(b) and 1.30 m of catalyst VII (c) were 
introduced into an iron tube having a length of 3.85 m and an 
internal diameter of 25 mm. To regulate the temperature, the iron 
45 tube was surrounded by a salt melt and a 4 mm thermocouple sheath 
m which a movable thermocouple was installed served to measure 
the catalyst temperature. 4.0 standard m 3/ h of air having loadings 
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of 98.5% purity by weight o-xylene rising from 0 to about 
85 g/standard m3 of air were passed through the tube from the top 
downward. At 50-85 g of o-xylene/standard m 3 of air, this gave tL 
5 ^ SUltS J Ummari2ed ^ Table 1 ( "yield" means the PA obtained in % 
eX T ° n 10 ° % : PUre °" Xylene; -™»^-P time" means 

8r g ;«d x required for increasing the ioadi - — ° to 

Example 11: Preparation of pa at loadings up to 85 g of 
10 o-xylene/standard m 3 of air (comparison) 

2.10 m of catalyst 1(a) and 0.80 m of catalyst VII(c) were 
introduced into an iron tube having a length of 3.85 m and an 
15 Juh! diameter of 25 mm. To regulate the temperature, the iron 

15 tube was surrounded by a salt melt and a 4 mm thermocouple sheath 
« which, movable thermocouple was installed served to measurf 

of 98^* ySt -rT ratUre - 4 *° Standard m3/h ° f air havin 9 ladings 
of 98.5% purity by weight o-xylene rising from 0 to about 

85 g/standard m 3 of air were passed through the tube from the too 

20 downward. At 50-85 g of o-xylene/standard m 3 of air, this gave the 

results summarized in Table 1 ("yield" means the PA obtained in % 

by weight based on 100%-pure o-xylene; "running-up time" means 

sTg^dard X reqUirSd ^ inCrSaSing l0adi ^ — 0 to 

25 

Example 12: Preparation of pa at loadings up to 85 g of 
o-xylene/standard m 3 of air (comparison) 

30 l'l°, m ° f 3 CatalySt conBiating of a mixture of 75% by weight of 

ITtll f 1V{h l 25% ^ W6i9ht ° f St6atite (-cesium silicaL, 

in the form of rings (having an external diameter of 8 mm, a 
length of 6 mm and a wall thickness of 1.5 mm) and 0.80 m of 
catalyst VII (c) were introduced into an iron tube having a length 
of 3.85 m and an internal diameter of 25 mm. To regulate the 

TyT"™' ±r0n tUbS WaS s ^un ded by a salt melt and a 

4 mm thermocouple sheath in which a movable thermocouple was 
installed served to measure the catalyst temperature. 4 0 

iTltTof^.V haV±ng l0adingS ° f fr ° m ° t0 85 Standard m3 

40 * k I PUrity by We±ght °- xvle ^ were passed through the 

40 tube from the top downward At sn r, n f i / 

■ . p uuwnwara. At 50-85 g of o-xylene/standard m3 of 

air, this gave the results summarized in Table 1 ("yield" means 
the PA obtained in % by weight based on 100%-pure o-xylene" 

running-up time" means the number of days required for ' 
increasing the loading from 0 to 
45 80 g/standard m3). 



12 

Example 13: Preparation of pa at loadings up to 85 g of 
o-xylene/standard m 3 of air (comparison) 



10 



Table 1: 

I Example : 
Catalyst 
[combination 



Salt bath 
temperature 

(°C) 



Running-up 
time 



380-370 



370-366 



1365-355 



I Average PA 
yield over 
3 0 days ( % 
by weight) 



111.5 



20 



10 



32 



10 



11 



113 



112.5 



113 



113 



( see 
I comment 
I under 

'running- 
|up" time) 



Average 
phthalide 
content in 
the crude 
PA over 30 
days (m ol%) 

0.10-0.19 
0.15-0.25 



0.05-0.22 



0.37-0.58 



0.33-0.55 



8: 1(a), IV 
15 | (b) , vii (c) 

9:II(a), 
[V(b), VII 
(c) 

10 : Compari- 
son 

IV(b)/VH(c ) 

11: Compari- | 380-37CT 

| son 

I(a)/vii( C ) 

12: Compari- |375-365 
25 (son IV(b) + 
steatite/VIl 
(c) 

13 .-Compari- 1380-370 I Loading 

son III/VI/ cannotbe 
■ VIIc I I • 

30 I I increased 

I to values 
above 
40 g of 
o-xylene/ 
standard m 3 

35 | | of even 

over a 

I prolonged 
period 

Example 14: Preparation of PA at loadings up to 105 g of 
o-xylene/standard m 3 of air (according to the present g invention) 

mv\ P oT edUr H ° f 8 " re ? eated ' — pt that 4.0 standard 

m 3 /h of air having loadings of 98.5% purity by weight o-xylene of 

air this Jll ,1 dOWnWard " At 95 - 105 9 of o-xylene/standard m 3 of 
air, thxs gave the results summarized in Table 2 ("yield" means 
the PA obtained in % by weight based on 100%-pure o-xylene 



(see 
comment 
under 
"running- 
up" time) 



40 



45 



0050/49069 

13 

-running-up time" means the number of days required for 
increasing the loading from 80 to 105 g/standard m 3, 

Example 15: Preparation of pa at loadings up to 105 g of 
5 o-xylene/standard m 3 of air (according to the invention, 

the PA obtained in * b y „ e i g „t hased on I0 1^ 
r„n„ing-„p time" the nmnber o£ r 4 ire ° ^ ene ' 

^ increasing the loading from 80 to 105 g/ Lndard m^, £ ° r 

Example 16: Preparation of PA at loadings up to 105 a of 
o-xylene/standard n,3 of air (comparison, 9 

fro, 85 to about !o 5 g/stlndard ^"f^ir ^ere th^'T ? 

tube from the top downward. At 95-105 a L T! T ! ""^ the 
*ir. this gave the results summari III VlllTlTyZlT' " * 
the PA obtained i„ % by weight based on 100%-pure ' J- 'lL 
25 running-up time" means the number of days retired for 
increasing the loading from 80 to 105 g/standard J> 

from 85 to about 105 g/standard ^ * " elght """^ne of 
tube from the top downward At ,5 -05 VT" ^ 
3S air, this gave tL results'sul rl d L r^lTy^T^ " °* 
PA obtained in % by W e ight based on 100 llZ o 'll'l ^ 
running-up time means the number of days required ror i „„ • 
the loading from 80 tc 105 g/standard m3> increasing 



30 



40 



45 



0050/49069 

Table 2: 



Example: Ca- 
talyst com- 
bination 



Salt bath 
temperature 



10 

14 : |375 
|I(a)/IV(b)/V 
11(c) 

15 -* |366 
jH(a), V(b), 
|VII (c) 

^2 |356-353 
[Comparison 
IV (b)/vil 

20 < C) 



15 



25 



17: 

I Comparison 
"l(a)/vil(c) 



370-366 



30 



Running-up 
time 



35 



40 



13 



15 



[Loading can- 
not be in- 
creased to 
values above 
90 g of 
o-xylene/ 
[standard m 3 
of air even 
lover a 
(prolonged 
(period 

(Although the 
I loading 
could be in- 
creased to 
the desired 
105 g of 
o-xylene/ 
J standard m 3 
of air, high 
phthalide 
values and 
significant 
(amounts of 
xylene of 
0. 1-0.2% in 
the waste 
gas were ob- 
served at 
I loadings 
above 

90g/standard 
m 3 



Average pa 
yield over 
30 days 



(% by 
[weight) 

110 



111.5 



(see comment 
| under 

'Running- up 
| time") 



(see comment 
under 

"Running- up 
time") 



J Average 
phthalide 
content 
in the 
crude pa 
over 30 
days 



(see 
I comment 

under 

"Running- 
|up time") 



(see 
J comment 
| under 
'Running- 
up time") 



45 



